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CONCLUDING REPORT OF FREE-SPINNING, WLING, 

',' 'AhD RECCFY CHARACTERISTICS'OF A,,l/ l8-SCALE MODEL OF 
i .. c .(,.. ., : 

'THE 'RYAN X-13'AI&ANE 

COORD. No. AF-1gg 

By James S. Bowman, Jr. 
- 

SIxJIMAIiy.' 

,I, .' An investigation has been completed,'in.the Langley 20-foot free- 
spinning tunnel on a l/18-scale model of,the Ryan'X-13 airplane to deter- 
mine its spin, recovery, and.tumbling. characteristics, and to determine 
the minimum altitude from which :a belly landing could be made in case of 
power failure in hovering fli,ght, 

Model spin tests were'conducted with and without simulated engine 
rotation. Tests without simulated engine rotation indicated two types 
of spins: one, a slightly. oscillatory flat spin; and the other, a via,- 

'lently os,cillatory spin. ', Tests with simulated engine rotation indicated 
that spin,s to,the left were,fast rotating and steep and those to the 

., right were slow r,otating and'flat. The optimum te,chnique for recovery 
", is reversal of the rudder to against the spin and simultaneous movement 

of the ailerons-to full with the spin followed by movement of the ele- 
,'vators to neutral after the spin rotation ceases. 

Tumbling tests made on the model indicated that although the Ryan 
X-13 airplane will not tumble .in the ordinary sense (end-over-end pitching 
motion), it; may instead tend to enter a wilds gyrating'motion. 

'. ,,' 
. 'Tests;.made to simulate power failure'in hovering flight by dropping 

:the'model indicated that‘the.model entered &hat appeared to be a right ,. . ,An 'attempt should be made to stop this motion immediately by 
zzzng the rudder to oppose'the rotation (left pedal), moving the ailer- 
on& to with the spin (stick right), .and moving the stick forward after 
the spin rotation ceases to obtain flying speed for pullout. The mini- 
muxx:altitude required for a belly landing.in case of power failure in 
hovering fiight was indicated to be about 4,200 feet. 
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0 . . In accordan+e with a request by the U. S. Air Force, an investiga- 
..* tion has,been conducted to determine the spin, recovery, and tumbling . . . . . characteristics l/18-scale model of the Rvan.X-13 airplane and also 

est by the U. S. Air Force, an investiga- 
ermine the spin, recovery, and tumbling 
e model of the Rvari X-13 airplane and also 

‘, to,determine the,minimum altitude required for".a belly landing in case ,, 
of power failure in hovering flight. Test results previously completed 
to detex&.ne the size of parachute required for emergency spin recovery 

'and to.det&nine the spin and recovery characteristics without simulated 
engine angular'momentum are presented in references 1,and 2, respectively. 
The present report presents the concluding results in this investigation 
and includes the,spin, recovery, and tumbling characteristics for the 
model with and without simulated engine angular momentum. Also included 
in this report are the results ,obtained to'determine the minimum alti- 
tude that would be required fora belly landing after power failure in 
hovering flight. : 

‘,,‘. 

'.A11 testswere.conducted for the normal weight-full-fuel loading 
'(with hook"instead of landing gear) at a center-ofigravity location of 
32.5 percent~mean aerodynamic chord. ,' ', I ' 

,An &pen& is. included which presents ,a general description of 
the model testing technique, the precision with'which model test results 
and mass characteristics are determined, variations of model mass cha;*? 
acteristies -occurring during tests, and a general comparieon between 
available'model and full-scale airplane results. 
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SYMBOLS 

wing span, ft ./' 

wing area, sq,ft ' . . 

mean aerodynamic chord, ft 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean aero- 
dynamic chord 

ratio of distance between center of gravity and fuse- 
lage reference line to mean 
tive when center of gravity 

mass of airplane, slugs 

- 
aerodynamic chord (posi- 
is below reference line) 
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: ,$'he l/%&cale'mode,l of the Ryan X-13 airplane was built at the 
Langle'y'Laboratory of the National Advisory Committee for Aeronautics. 
A  th&e-view 'drawing of the model is shown in figure 1, and a photograph 
of'the.model'as tested,is shown in figure 2. The dimensional character- 
istics' of the airplane are presented intable I. ,' 

‘8~ 
,,I. 

-IX,+IY,. IZ . . . . ..+moments of inertia about X, Y,.and Z body axes, respec- 
,, &  tively, slug-ft2 .," ,, 
." ,, 

Ix - Iy ; =y*,' : 
:;,,:inertia yawing-moment parameter 

mb2 :: .: /,. : 1, 
, I  

t . 

', 11; - Iz ,',1: ,- 
2 '::I 

inertia rolling-moment parameter 
mb : " '!',+ _, ,, .,, I 

,. ,' .,' . . 
IZ -Ix',"' 'I,, 

mb?' 
inertia pitching-moment parameter 

‘. .,. 

air density, slugs/cu ft 
'_ 

relative density of airplane, JG.- 
PSb 

' angle between fuselage reference "line and vertical 
(approximately equal to absolute value ,o'f angle of 
attack at plane of symmetry), deg 

angle between span axis and horizontal, deg 

full-scale true rate of descent, ft/sec 

full-scale angular velocity about spin axis, rps 

,MODEL AND TEST CONDITIONS 

'The model was ballasted to 0btain.dynami.c similarity"to the air- 
.U~plane=-at~ an.altitude of,2~.,OOC..feet (p 3 0.001Q65 slug/cu ft) . The 

loading conditions possible on the X-13 airplane and the loading tested 
on the model are presented in,table II. ',. 

The tumbling tests were made by launching the model with both posi- 
,tive and negative initial rotation with elevators in the up, neutral, 
and down positions and with rudder and ailerons neutral. These tests 
tieremade for both zero and idling engine speeds. 

C’ 

II 
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s conducted to simulate power failure in hovering flight 
weremade- outs&&in favorable weather conditions in which the surface 
wind velocities.'&e about 10 knots or less. No control movement was 
attempted during'qhe drop, and, therefore, the controls remained fixed 
throughout any on& control configuration tested. The drop tests were 
conducted by hoisting the'model 165 feet by a pulley arrangement to a" 
boom,located at the top &a water tank. The model was then allowed to 
drop from rest in .a nose-up hovering attitude by pulling a pin releasing 
the.model. A large net was installed near the ground to catch the model. 

All"spin.and drop tests were conducted with and without simulated 
engine,a&ular'momentum for full' (8,000 rpm) and idle (4,000 rpm) engine 
speeds. The tumble tests were conducted for conditions simulating both 
engine off and idling. 

The angular momentum of the rotating parts (counterclockwise as 
viewed from rear) of the full-scale Rolls-Royce Avon R.A. 14 jet engine 
was simulated by rotating a flywheel with a small direct-current motor 
powered by small silver-cell batteries. The flywheel was located in 
the model so that the axis of the angular momentum was parallel to'the 
longitudinal axis of the airplane. 

A remote-control mechanism was installed in the model to actuate 
the controls for spin-recovery attempts in the spin tunnel. Sufficient 
hinge moments were exerted on the controls for recovery attempts to 
reverse them fully and rapidly. 

Longitudinal and lateral control are obtained from one control 
known as an elevon. In determining the deflection of the elevon con- 
t,rol, motions resulting from longitudinal and lateral deflections of 
the stick are additive. For convenience, elevon motions are discussed 
herein in terms of elevator and aileron.movements. The maximum control 
deflections (measured perpendicular to the hinge line) used were as 
follows,:' 

". I' L,.'( : 
Rudder,,:,deg . . . . . . . . . . . . . . . . . ; . . 25 right, 25 left 
Ailerons, deg :. - . : . . . . . . . . . . . . . . 17,5 up, 17.5 down 
Elevators, deg ; . . . . . . . f . . . . . . . . . 22.5 ‘LIP, s.5 don 

..' . :i ',. i ," 

RESULTS AND DISCUSSION 
1.. --. - - __ ". , _,.... ij . ._.. 

The results of the s$in and recovery tests are presented in charts 1 
to 5 and for'the tumbling tests in table III. The results of the drop 
testsare presented,:in table IV. ,'. 

- 

.’ 
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Spin Tests ', 
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)' "Power off.~$&sLLts of the spin tests conducted,without simulated 
rotation of the &&Me parts are presented in chart 1  and indicate that, 
for this condit i$$ spins ranging from slightly oscillatory to violently 
oscillatory were possible. At times, the model: oscil lated out of the 
spin.and went intb"~~~wild gyrating motion. These results were similar 
to those'reported .&:.reference 2 for a  more forward center-of-gravity 
position i,n that satjsfactory recovery from the developed spin by rever- 
sal of the:'rudder alone could not be obtained. 'Aileron deflections 
against.the spin (stick left in's right spin) were adverse to recovery, 
whereas'moving the ailerons to with the spin in conjunction with rever- 
sal"of the rudder resulted in satisfactory recoveries. However, after 
recovery the model,often entered a spin in the opposite direction; there- 
fore, the pilot should neutralize rudder and ailerons on the airplane 
immediately after recovery from a spin. 

Power 'on.- Spin tests conducted with the simulated idle and full 
engine speeds 'are presented in charts 2  to 5. Spin-test results were 
,consistent &th reference 3 in that, for spins in which the flywheel 
rotation and spin direction were inthe same sense (left spins), the '> 
model  generaily spun steeper and rotated'faster, and, for spins in which 
the flywheel.rotation and spin direction were'in the -opposite, sense, the 

,model spun flatter and rotated slower than for spins 'in which no engine 
rotation was simulated. Computat ions indicate that the pilot may be 
subjected to transverse (forward and rearward) accelerations tending to 
push him forward from his seat (against his belt) and toward the nose 
of the airplane ashigh as'seven times that of gravity for the spin 
with high rates of rotation. 

Test results indicate that for the X-13 airplane, the engine angu- 
Jar momentum wili. have a very large effect on the spin and recovery 

characteristics..' The spins .conducted on the mo-del,s$mulating left spins 
on the airplane with power on (engine rotation and.spin direction in the 
same' sense) we,re steeper than spins without simu&ated e.ngine rotation and 
were slightly"to.vi'olently oscillatory (chart,s 2  and 3). The ,optimum 
contro.L'movement for, recovery was the same as for power-off spins, that 
is, rudder deflected to against the spin and simultaneous movement  of ,' 
the &lerons,to,with the spin with,the stick full back followed by move- 
ment,+ the elevat,ors to neutral after the spin rotation ceases. After 
recovery, the model  invariabiy started turning in the opposite direction, 
but.&stead .of developing a spin in the opposite, direction, as was gen- 
eraiiy the case. for power-off spins, the model  oftentimes went into a  

,wild gyrating motion. This motion, which may be difficult for the pilot 
to terminate, consisted of a  rolling motion with simultaneous yawing and 
pitching. (See fig. 3.) 

.’ 
I’[ I 
1’ !, 
# . 
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;.’ *&I ',:model ,results indicated that right spins on the airplane (engine /c, ',, ,P,,' ., rotation and spindirection in the opposite sense) would be very dif- 

,:fi&t to',obtain (charts 4 and 5). A developed spin on the model could 

ii;:;:: 

be obtained only‘when ailerons were full against the spin with simulated 
idle engine rotation. It was indicated that recoveries from this spin 
byfrudder reversal and simultaneous movement of ailerons to with the 
sp,inwould be rapid unless the stick'was forward longitudinally, but 
the model quickly went into a wild gyrating motion after spin.recovery. 
Although the model c,culd not be made to spin unless the ailerons were 
full against the spi;rij,,when attemp,ts were made to, launch the model into 

'- the spin-'.at other control configurations,. the model went into the.wild 
.' gyrating motion previously discussed. From'these tests it appeared 

,tha.t when .the model ata high angle of attack Vas yawed in a'sense oppo- 
site to the engine rot,ation, it was very inclined to ent,er the gyrating 
motion. ,." 

!r ik ' $ k.., & 
@ 
$$", 

The 'angular momentum of the simulated rotating jet engine was very 
large because of the large engine installed inthe relatively small 
X-13 air&ne, and the resulting gyroscopic moment was probably the 
primary factor leading.to the wild gyrating motion of the model. All 

i.:.' ; but in the event a spin ', 
+," '. spins on the X-13 airplane should be avoided, 

', _, .;i, ,develops with power on, it is recommended that the power be cut and 
" ,_,P ;. L'J ..‘I: i;. '") the engine rotation allowed to decrease as much,as possible before recov- 

,' 2 I ". cry is attempted by full rudder reversal and'simultaneous movement of 
,"* the ailerons to full with the spin. This procedure should minimize the 

chances of entering the wild gyrating motion. 
:',,. 
$#"t 
..;$ 
3' Tumbling Tests 
f' ,' 
;1 .i.' ,. ,,", ! :/ The tumbling-test results are presented in table III. The t,e$t 1 : .L : results $ndicate that, although the airplane will'not tumble in,the 

ordinary;sense (end-over-end pitching motion), it will instead tend to ; enter'yt:he wild gyrating motion .prev,iously mentioned., 1 ‘ qj,; I ,I ,i.r.. / _', “ 
"The tendency for the model to enter the wild gyrating motion was 

more pronounced when the model"was launched with negative initial rota- 
tion (:nose down)'than with positive ,initial rotation (nose up) with 
simulated engine rotation, apparently because the resulting gyroscopic 
yawi&momentdue to the nose -down pitching velocity yawed the model to 
the:.kight,~ .in a direction.of,,opposite sense to the engine rotation. ,:' ':. *./ : ; . . ,, ,. ,,,: 

" Drop Tests' 
'. 

some representative drop-test results are presented'in table IV 
and t$pical'motion-picture film strips of the'tests are shown in fig- 
ure?; 3 axi+ 4.. : 

I ./, 
;t ,a , I 

“S 1’ / .’ .’ ,. ; 



.;i 
~I’ 

,’ 

‘. .e 
A=. _j . 
‘. 

,,“,.,~ 

F&L.. ./ /.... % ;.sr’. ‘. 
$1 

i 

P “$4 
1, 
.b . $ 

: 
/’ 
i 

‘I 

I’ 

l&WA RM 7 
’ 

..- . . . . ‘- _  -. _ - -_ ._---. The modei tes.&results indicate~that;-at the beginning of the drop, 
whenthe engine is r,otating at almost full speed, the airplane will drop 
tail down at first'%nd then will nose over to or past the horizontal 

3 and 4) at&-rate for which the maximum rate of pitch was about 
gk"ier second " . The,;'nose of the model generally tended to pitch for- 
ward and down (negative pitching). ,The resulting gyroscopic yawing 
momentof the simulate~d rotating engine due to the nose-down pitching 
velocity yawed the model tothe right, and the.model then entered what 
appeared to-be a right\.spin. According to test results, approximately 
6.5 seconds from flame-out wouldbe required for the X-13 airplane to 
enter this;motion whic6 appeared to be a right spin. The engine rotation 
by this time on the full-scale airplane would only be about 2,000 rpm 
(fig. 5) and, therefore, the resulting motion or spin may be considered 
to be with no engine rotation. An attempt should be made on the airplane 
to stop this motion immediately by moving the rudder to oppose the rota- 
tion (left pedal), moving the ailerons to with the spin (stick right) 
and, then, after the spin rotation stops, moving the stick forward to 
obtain flying speed for pullout. 

In some.cases the nose of the model initally pitched back and down 
(positive .pitching). The resulting gyroscopic yawing moment of the 
simulated".rotating engine in this case due.to the positive pitching 
velocity yawed the model'in a clockwise direction as viewed from above, 
which is the same.direction as for the case in which the nose of the 
model initially pitches negatively. The model in some cases rolled as 
it pitched positively and was in the erect position by the time the 
horizontal position was obtained. The model, therefore, ended in the 
same attitude and spin direction as when the initial pitching direction 

However, sometimes the model pitched without rolling. was negative. 
In this case the model pitched positively about 270° and then back to. 
the.vertical (nose-down) position and entered a dive. 

Based 'on model test results, the altitude loss.of the airplane from 
the time of flame-out to the time the spin was entered would.be about 
W'Eeet. This distance was calculated by assuming gravity acting on 
a freely falling body for the time it took the model,to enter the spin. 
To recover from this spin and enter a glide required another 800 feet, 
which was based on the time for,the model to recover from a spin in the 
spin tunnel at the rate of,descent during recovery with flywheel-off 
condition. The distance,required to obtain a horizontal.trim flight 

-attitude.-.after..recovery~~~~om .-the spin was not computed for the X-13 model, 
but;'based ,on a similar configuration of' reference 4, an assumption of 
2,500 feet was made for.the X-13 airplane. Therefore,,the minimum alti- 
tude considered safe after flame-out should be aiproxWa*ely 4,200 feet. 
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Based on the%&ults of tests of a,l/l8-scaie model  of the Ryan 0 
x-'W  airplane, the,@@Llowing conclusions are made for the aiqlane at 
an altitude of 25'$?&feet, in regard to the spin, recovery, and tumbling 
characteristics and&n, reg(trd to the drop characteristics from power 

' 'yr.C 

failure inhovering ?&light:; 
,,,' ., ,,' .,, ,/., 

-li TWO .types' of 's&ins may..be possible on the'airplane, one a 
slightly, oscillatory spin.'and the other a  violently oscillatory spin. ,. 

2. The.gyroscopic moments of the rotating jet engine parts will 
have a very large effect on the spinning characteristics. The spins 
to the' left will be very fast and steeper and to the right will be very 
slow and flatter than spins Pith power off. 

3. Aileron deflections against the spin should be avoided during 
spins. 

. . . . .i. ,.,' , -I 4. The opt imum control technique for recovery is reversal of the 
rudder to full 'against the spin and simultaneous movement  of the ailerons :;; : '. ;. ', to full with the spin foilowed by moving the .elevators ,to neutral 'after _, 1.' the spin rotation ceases. The airplane tiy very quickly enter'another 

., is off: Caution should be, s'.e spin in the opposite direction if the engine 
exercised to avoid entering another spin by neutralizing all controls 
immediately after recovery. 

.,$ 

.( ,5. All spins should be avoided. If a  spin should develop, the 
," power should be cut immediately and the engine speed al lowed todecrease 

as much as possible before recovery is attempted. The airplane may, 
,enter a  wild gyrating motion if recovery is attempted with the engine 
rotating.as'much as or more than idle speed. .. ,, 

. '6.'The'air&ane will,not tumble but may enter a  wild gyrating 
motion. 

7.,Recovery from the wild,gyrating motion 'is doubtful. 
fj& 
pg:, 

1:. 
1  

1, 8. ‘me ai&lme, when.fall ing as a result of power failure in 
hovering flight; will have a strong .tendency to 'enter, a  right spin as 
a result of the gyroscopic yawing moment  of the jet engine. The spin 
should be stobped immediately by the recovery technique previously 
ment ioned and'.after the spin rotation, ceases; the stick should be moved 
forward to obtain flying speed for pullout. 
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..~ 9. The minimum-~altitude required for a belly landing in case of 
power failure in hovering flight is indicated to be abotit 4,200 feet. 

Langley Aeronautical Laboratory, 
'., National Advisory Committee for Aeronautics, , ./ Langley Field, Va., March.25j 1957. 
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Mo;Dn; TESTING TECPINIQUE AND PRECISION 

,. 
Model Testing Technique 

'. The operation of the Langley 20Lfoot free+pinning tunnel is gen- 
erally similar to,that described'in reference 5 for the Langley 15-foot 

,freeispinning tunnel e'xceptthat the model-launching technique is dif- 
ferent.. With the contrbls'set in,the desired position, a model is 
launched'by hand with rotation into the vertically rising airstream. 
After a number of turns inthe established spin, a recovery attempt is 
made'by moving one or more controls by means of a remote-control me&a-, " 
nism. ,After recovery, .the model dives into a'safety net. The tests 
are photographed with a motion-picture csmera. The spin data obtained 
from these tests are then converted to corresponding full-scale values 
by methods described in reference 5. 

Spin-tunnel tests ar,e usually performed,to, determine the spin and 
recovery characteristics .of a model for.,the normal spinning-control~'con- 
figuration (elevator full up, lateral controls neutral, a,nd rudder full 
with the spin). and for various other lateral .control and'elevator com- 
binations including neutral and maximum settings ,of the' surfaces. Recov- 
ery is gener.ally,attenipted by rapid full, reversal of the rudder, by' 
rapid full reversal of both rudder and elevator, or by rapid full rever- 
sal of'the rudder simultaneously with moving ailerons to full with the 
spin. The particular control manipulation required for recovery is gen- 
erally .dependent on the mass and dimensional characteristics of the 
model (refs. 6 to 8). Tests,are also performed to evaluate the possible ,. 
.adverse effects on.recovery of small deviations from the,normal control 
configuration for spinning. For these tests, the elevator is set at 
either'full-up or two-thirds of its .full-up deflection and the lateral. 
controls are set at one-third of full deflection'in the direction con- 
ducive to, slower recoveries, which may be eithek against Ahe spin (stick 
left.'in:,a,right sp,in) or with the.spin, the direction depending primarily 
on the mass, characteristics of the.pa&cular model. Recovery is attempted 
by‘rapidly reversing'the rudder from full with the,spinto only two-thirds 
against the spin,, by simultaneous rudder reversal to two-thirds against 
the spin and movement of the elevator to eitherneutral or two-thirds 
down, or by simultaneous rudder reversal to two-thirds against the spin 
and stick movement to two-thirds with the spin. This control configura- 
tion and manipulation is referred to as the "criterion spin," with the 
particular control settings, and manipulation used being dependent on the 
mass and dimensional characteristics of the.model. 

‘. - 
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Turns for recovery are measured from the time the controls are 
‘.-moved for recovery: ti;ti.i the spin rotation ceases. Recovery character- 

istics of a model are generally considered to be.satisfactory if recov- 
ery attempted from the criterion spin in any of the.manners previously 
described is accomPlished within2t turns. This value has been selected 

on the basis of full-scale-airplane spin-recovery data that are avail- 
able for comparison with corresponding model test results. 

For recoveryattempts in which,a model strikes the safety net while 
it'& still in a. spin, the,recovery is recorded as greater than the num- 
ber of turns from the time the controls were moved to-the tzme the model 
struck the net,'as >3. A >3Lturn recovery, however;.does not necessarily 
indicate an improvement over a >7-turn,recovery. A recovery of 10 or 
more turns is indicated as m. When a model recovers withoutcontrol 
movement, (rudder held with,the spin), the results are recorded as "no 
spin." 

Precision 

Results determined in, free-spinning 
’ 1 

tunnel. tests are believed to 
. be'true values given by models within the following limits: 

a,deg......... r . . . . . . . . . . . . . . . . . . . . . fl 
@,deg...............................:; 
V,percent... r ..,...................... : 12 
fi,percent..........- . . . . . . . . . . ...? . . . _ 

+l Turns for recovery obtained from motion-picture records . . . . . . -L 

+l .Turns for recovery obtained visually . . . . . . . . . . . . . . . . -F . ..i 
'I ' .' 

'The preceding limits'may be exceeded for certainspins in which it 
'is.~difficult~to.control the model in'the tunnel because of the high rate 
.of descent or because of the wandering,or osc+llatory nature of the spin. ., '_ :. 

'i The accuracy of measuring the weight and mass distribution of models 
is believed to be within'the' following limits:' 

'. 
Weight, percent . . . . . . . . . . '. . . . ., '. . . . . . . . . . . . .i; 

I.'- Center~of~grav5ty.: lOCatiOIlj-- percent. C- . . . . . . . . . . . . . . . _ 
Moments of inertia, percent . . ,. . . . . . . . ,. . ; . . . . . . . . 25 

', Controls are set with an ac,curacy,of *lo. 

I 

7 
:, 
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Variations in Model Mass Characteristics 

Because it is impracticable to ballast models exactly 
of inadvertent damage to models during tests, the measured -._ ___ 

and because 
weight, mass 

distribution, and the simulated angular momentum of the X-13 model varied 
from the true scaled-down values within the following limits: 

12 

Weight, percent . . . . . . . . . . . . . . . . . . . ,' " 0 to 1 high 

Center-of-gr,avity location,.percent F . .'. . . . . 0 to 1 forward 

Angular momentum, percent . . . . . . . . . '. . . . . . 10 high to 10 low: 

Moments of inertia: 
1x9 
IYJ 
?z, 

percent . . . . T . . . . i . . . . . . . . . . 5 high,+14 high 
percent ....... : ........ ; . '. . 6 high 
percent ................ .'. .. 

,  

Comparison Between Model and Airplane Results 

Comparison between model and full-scale results in reference 9 (' 
indicated that model tests accurately predicted full-scale recovery 
characteristics approximately 90 percent of the time and that, for the 
remaining 10 percent of,the time, the model results were of value in ; 
predicting some of the details of the full-scale spins, such as motions 
in the developed spin and proper recovery techniques. The airplanes 
generally'spun at .an angle of attack'closer to 45O than did the corre- 
sponding models. The comparison presented in reference 9 also indicated 
that generally the airplanes spun with the inner wing tilted more down- 
ward and qith a greater altitude lo& per revolution than,did the cor- 
responding models, although the higher rate of descent was found to be 
generally associated with the smaller angle of 
whether itwas? for the.model or'the‘airplane. ,:', ..' 

attack regardless .of 

to 8 high 
7 iow 

1’ ’ 
. 

.’ 

‘. 

- 

,’ 
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Neihouse,. Anshal I., Lichtenstein, Jacob H., and Pepoon, Philip W.: 
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I$$ l i . . 6: r  . . . G f,. ..’ ,. r  . . . . ..,.: _, ‘,! j. I ;’ :-  TilBLE I.- DIMENSIONAL CHARACTERISTICS OF  THE 

RYAN X-13 AIRPLANE AS SIMULAti ON 

\\ 1/18-SCALE SI?IN,MoDEL 
.' ', _; 

'Overalllength, ft . . . . . . . . . . . . . . . . . . . . 

W ing: 
Sian,ft........................ 
Area,sqft . . . . . . . . . . . . . . . . . . . . . . 
Sweep at leading edge, deg . . . . . . . . . . . . . . . 
Airfoil sect ion, 

root chord . . . . . . . . . . . . . . . . . . . ., . . 
,Mean aerodynamic chord (measured in wing 

chord plane), in. . . . . . . . . . . . . . . . ., . . 
Leading-edge mean aerodynamic chord rearward of 

theoretica l,leading edge of wing (measured in 
wing chord plane), ft . . . . . . . . . . . . . . . . 

Inc idence (measured between wing chord plane and water 
line), 
root,deg . . . . . . . . . . . . . . . . . . . . . . 

Dihedral, deg . . . . . . . . . . . . . . . . . . . . . 

:. 
,Elevons: 

rearward of hinge line, sq ft . . . . . . . ,. Total area, 
,' ,Ringe line in percent of local chord: 

:,. , I '((_' Root,. percent . . . . . . . . . . . . . . . . . . . . /,. '. 
..: T ip, percent . . . . . . . . . . . . . . . . . ; . . . . 

', i,, / I+!, I, Span,ft. i....,....:............. 

,-, Vertica l taii: .:>' , Y.. IL Total area;sq'ft . . . . . . . . . . . . . . . . . . . 
I I. Rudder, sq ft . . . . . . . . . . . . . . . . . :. . . 

*eL..m.. . . . _. . . . . span,.ft ._ ., . . .,. ...-) . ,. ., . . '. . . . . . - . . . . . 
'>,>,. : <<* Airfoil sect ion y  . . . . . . . . . 1 . . . . . . . . . . 
,y& 
,P $; I. 

I 

14 

23.445 

21.000 
191.002 

60 

NACA 65A008 

145.49 

6.06 

4 
0 

22.095 

15 

6.1:; 

47.205 
7.065 
9.150 

wcA 65A012 
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TABU II.-.MASS CEARACTERISTICS AND INERTIA PARAMETERS FOR LOADINGS FOSSIBLE ON TEE 

.Lc,%-‘h~’ 91 I. . 
..&c^l. 

:;T1>a 

: a.0 

J.y. -j ..i, l *q i 
:.: . . ‘e . ; 

t: t., ; 

I 

i Balyes given are full-scale; moments 'of inertia are given about center of gravityd 

: ..; 

Loading : 

~: -' C&ter;of- Relative ='-' '. 
gravity density, Moments of inertia, 

Weight, 
location P slug-ft2 

Mass parameters 

lb.. 
Xb z.p Sea Altitude, 

level 25,000 ft TX IY Iz 
Iz-Ix./ Ix-Iy Iy-Iz 

mb2 mb2 mb2 

Airplane values 

Normal weight - full fuel with wheels 6,958 0.321 -0.077 22.65 50.57 1,728 4,326 5,iog -273 4 10 -4 -82 x 10-b. 355 x 10-4 

Normal weight - full fuel with hook 6,696 -325 -.088 21.81 48.70 -1,543 4,042 4,833 -272 359 '7% 

Leading weight - 25 percent fuel 
with wheels 

5,g08 .323 -.047 19.19 42.85 1,255 4,138 4,748 -357 -76 433 

Landing weight'- 
25 percent fuel 
with hook 

Minim& weight - 
5 percent fuel 
with wheels 

5,646 .332 -.063 18.35 J+o.g7 1,108 3,903 4,482 -362 -75 437 

5,628 .32& -.042 18.35 40.-97 1,156 4,117 4,652 -383 -70 453 

Minimum weight - 5 percent fuel 
with hook 

5,366 ,328 -.055 17.40 38.87 982 3,820. 4,354 -388 -73 461 

Model values 

Normal weight - full fuel with hook 6,747 0.320 -0.058 22.02 49.17 1,614 4,291 4,499 -289 X 10~~ -22 x 10-4 311x 10-4 

I E 
q 

I. I : 

i 

E 

i 
: 

! 

G 
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TAB+ III.- TUME3LlJG CHARACTERISTICS OF.l/18-SCALE MJD?3L OF THE RyAN X-13 AIRPLANE 

@udder  and ailerons neutral, elevators deflected as in&&ted; 
center-of-gravity location, 32.5,percent i5J 

Loading 

Normal weight - 
full fuel 
with hook 

Speed and direction of 
Configuration - simulated engine 

rotation 

1~ Zerd 

I Zero 

Clean Idle 
(Counterclockwise 

viewed from rear) 

Idle 
(Counterclockwise 

viewed from rear) 

Positive initial 
I 

4  I 
(4 I-(a), b) 1 (a), b), (~1 

I 
rotation 1 . 

;Y”;~;~;o~itial (b), (a) (b); (a) (4, (a) 

Positive initial (a) (4, (a) (4, (4 
rotation 

Negative initial (b), (a) (b), (a) bj 
rotation 

aStopped tumbling, entered spiking motion to left. 
bStopped tumbling, entered wild gyrating motion. 
CStopped tumbling, entered roll about the X-axis. 
astoppea tumbling, entered glide. 
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!l!ABLE iV.- CHARACTFRIS!t ' ICS OF A l/lb-SCALE MIDEL OF !t'RJ3 RYAN X-13 

: 
& ; ::p.. .- 

. 6;‘;: 
t.: . 

. .a‘ 
. 

: .: :.,; 

:. .‘p1 .’ 0 .:. 

AIRIQRRWlBNDROPPEDFROMl%XTRINGFLIGEl!AITI!SJDE 

bta are presented in terms of full-scale time and for a  full-scale drop distance of 
2,930 feet; results presented are representat ive of those obtained1 

P :. : i 

Drop f Control settings Speed and direction of 
simulated engine Re&rks 

number  Rudder  Ailerons Elevator rotation 

Full Initial pitch direction negative. Dropped about  5.9 secondsi  
1  25” rj;ght Neutral 100  up  (Counterclockwise before model  started yawing alternately to the right and  : 

: v iewed from rear) left until hit net. 

Initial pitch direction negative. Dropped about  5.5 seconds 
1  Idle before model  entered a  left spin (opposite~direction to 

2  Neutral Neutral loo up  (Clockwise viewed flywheel rotation). Model  made 2.$ turns in spin before 
from rear) bit net. (Drop shown in fig. 4.) 

." Initial pitch direction negative. Dropped about  7.3 seconds 
idle before model  f lattened out and  started rotating to the- 

3 25O right Neutral 100  up  (Counterclockwise right. 
v iewed from rear) 

After model  made about  2  turn to right, rotation 
stopped; model  then fell for about  2.3 seconds in a  trim 
attitude before it started rotating to right again. 

Initial pitch direction negative. Dropped about  6.5 Jeconds 
Idle before model  entered a  right spin. Model  spun about  one  

4  25’ right Neutral loo up  (Counterclockwise turn and  then pitched up  and  entered a  wild gyrating 
viewed from rear) motion. Flywheel rotation had  stopped by time model  hit 

T&. (Drop shoun in fig. 3.) .- 

Initial pitch direction negative. Dropped about  5.5 secondi  

5 25O right Neutral 190  up  Zero before model  entered a  right spin. After model  spun for 
about  one  turn, it s topped rotating and  entered a  low 
angle-of-attack trim attitude with oscillation in yaw. 

Initial pitch direction negative. Dropped about  5.9 seconds 
6 25O right Neutral 100  up  Zero before model  entered a  right spin. Spun about  two turns. 

~before model  hit net. Spin was fairly steady for first 
turn, then,became oscillatory. 
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OEART I.- SPIN AllD REOOVWY.CEUUOTl5lISTICS Or W IloDKL 

', > 
8,' ., 1' 
.‘ 

notad (mo0r.q l ttmpted irol, and 
Ii, 

.oov.ry l ttmptmd by full naddar r.t.aaml unl~m OthWWi~ 
derolopad-apin data premmt.d ior. xuddmr-iull-with mpiru) Y 

I Airplane Attitude Direction Loading (a.. tebl. II) 

x-13 Erect Right NCravl waifit.. full fu.1. with bock 

: 
canter-or-gravity pom1t1on Altitude 

32.5 peroent a 25,000 it 
ed.1 values convertad .td full acrle U-inner wing up D-innir wing down 

i:: ,,: /. 

Elevator 

., 

r,b c m 
I I I 

, I 

PTbree conditions possible: 
bsiightlr 0~0illatcrg; range 0f yama giveti. 
%i01.3ntlg OsdilIfitOry,;r.mgO 0r v*l&.giv0n. 
dncdsl crcillated.ctii ci Spin by roliing Lnverted and continued rolling. 

%,cw,r, attempted by deflecting the ridder to full .gainst the spin and ~lmultmeoualy 
moving the ailerohs to full uith'the spin. 

i*rt0, recovery, m&l startap rotating in opposite direction. 
gAfter recovery, mohel pitched lnvertbd and then rolled into an'erect gild.. 
hupon recovery model rolled in&ted ind continued to Go11 about t" X axis. 
%'wc conditions possible. 
%&red a glide. 

'.. kRecc;ersd in . glide. 
lRaccvsr~ .ttempted b, dellecting the z'uddel to Z/3 ‘gainat the apin .@ si"dtrneCUSly mOVing 

the ailerons to z/3 wiih the;apln. 
%nt'ersd L wild &aticn t& of motion. 
nAftdr recovery, model pitched lxiver+xd,than rolled srect,and continued to roll about tda X Irid: 
cRedcversd in an aileron roll. 
PVlolentlT cacillatory for 8hCrt duration (Z-20 turns) then cacillrt.id Cut or spin. 

-%d.,l pitched invarted theri'b.ck to .,raCt pcaltion and my continua apinning. 

‘, 
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SPIN AND RECOYERY CiiARACPERISTICS OF THE HODEL 

. . ,, 
,. ,', CRART ‘i- 

+&sr~ attempted by, full (recordrr attalpted ircm, 
uld developed-mpl.n data 

p;; 
Airplane Attitud. Direction Loading (see tibl. II) -Ia-momentum ior idle'sngine speed 

.X-l3 Erect Left, spin Norm.1 Weight, full-fuel, &xzlatad (Bq.inm rotation ia oounter 
;. 

'. 
sirmUted with hook olcckwlse .s vlewsd from %'eU-) 

1'. . . . Altitude center-of-gravity position 
.' F5.000 It 32.5 percent F 

. . . . p.. r)-inner-dam U-iN-k~~WhgUp 
..,',',. 

Hcdsl valuea conVertad to full scale 
1, ;' ,' / 

,,‘. ~fi&gj?y I I I 
I .bI 2.i .’ ul 

b 1.~3 n a.b 0 

',4$ y$ E l5U 
38 

3; g 

298 0.55 261 0.88 .No d 
llerona full against Ailerons full with . 

(Stick right) 267 0.62 No (Stick left) 
SPIN I SPI'N 

g g 
00 31m 3, - 

dk d,e d 
1 

G 

2' l 
,I‘ 9 

e.0 e.0 8EZ 

El .’ 
:Tw6 conditions &xsible. 
%iql&ntlp: oscillatory; Ang.9 0r valuCs~giv.&: 

,, ZModel entered a glMe.. 
(, 

,,' 
'~Recovsry attempted by‘deflbcting,the rudder to'full against, the spin and alm"ltsneCualy 

'moving the ailerons to $ with the spin. 

'Rcddei‘reco"ered in E+ a&.ron roll. 
'Rode1 FaCc"ez'ed in a gllds,then started turning in opposite direction. 

pitch inverted and roll era& and inverted aaaln. 
node1 then may 

%c& recovered in . glide. 
hv cry osclll~tory. .nulge Of value? given; 
'Recovery attempted by dstlsctlng Lbe rudder to 5 a&.nst tha spin and slmultaneouslj moving 

the rllsrons to $,with the spin. ,', 

jAfter rscbvery model atlrted turning in opposite direction. 
'Upon reccver(y, model enter'sd a wild gyrating mot*on. 
1Tbrae. conditions possible. 
"Slightly CaclJlatory, range or values given. 
nOscillated cut of spin by pitching inverted and then started rolling *bout X axis. 
cRecovery attempted by dellacting only the ailerons to full with the spin. 
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CRART 3 .- SPIN.ASD RECOYWY CEARACT~ISTICS OF THE JJDDEL 

C' .." 
%  

Reboveri‘atc;ampted'by~fuii i;jdd~r 'r~~iiarsrl.iinliss otherwise not 
and developed-apin data presented for, rudder-full-with spins) "f 

(recovery attempted from, 

Airplane Attitude Direction Loading (ice table II) 

x-13 'Ekwst Left spin Normal weight, full fuel, Angular nwnxmtum for full engine speed 
slmlated with hook . simulated. (hgine rotation Is counter, 
Altitude Center-of-gravity position cloclnise as viewed from sear.) 

8. 
25,000 ft 32.5 percent ‘c 

:,-Model values cnnverted to full scale U-inner wing up. D-inner Wing down 
., 

_’ 

.E!il 
Ailerons full with 

(sticlt 

1 
9 1, 1 $9 O" 

a 
D 

BE:, 
2::: 

53 
WI.4 

k?;: 

+&a condititins possible. " 
bSll&htly oscillatory, range or lverage value given. 
C~del entered a glide: 
dReccvary a+&empted bg' deflecting the rudder to full against the'apin and simultaneously 

moving the rllerons.'td full with the spin. 
'Mode+ recovered in LI glide. 
fRsccvery attempted by deflecting the rudder to till against the spln and aimUlt~ecusly 

moving the ailsronq to 2 with the spin. .., 
, a SL" , -.s. ,l-l*rePll...%T7?-<w. . ,._ 

fJviOlentiy O~cii iatOr~, r ange  0f v~i&i~~M.a.~ -.-: v' .. -.-I 

hllecovel.y attempted by deflecting the rudder to 2 against the spin md slmulteineousl? 
3 

moving the ril&ons to 2 with the apin: 
3 

%pon recovery, model went into a wild gyrating motion. 
JAfter ~acovei-y, made1 started *pinning in opposite direction and then rolled invertad. 
bdal recovered in M  aileron roll. 
%cdel rscov'ered in i glide and then atartad turning in the a&e direction. 
-hree condltlona possible. 
"J&do1 oacillrted cut or the Spin by pit&ing inverted and then rolled about the X Uis. 
Wad.1 recovered in. iwtlcnl dive and rolled about the X uis. 
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_I _ ._ CHART 4 .-SPIN AND RECOVERY CHAIWCTERISTICS OF THE MODEL 

[Recovery attempted by full rudber &versa1 k&s otherwise noted (recovery ,ottempted frOm, and devetcped3Din 
data presented.for, rudder-full-with spinsjl 

I” .  

. . . ;*O&*,: 
,& 
. . . . . . 

. ,  
.  .  .  .  

; . . :  

.. 

$ ..:, r;’ ‘. *&+ 
A)? 1;:: p!; 

,.’ 
4 *i. 
: 

%, 

Airplane Attitude Direction Looding (see tobleZ) Angular momentum for idle engine 
x-13 mact Right spin Normal weight, full speed simulated. (Engine rota- 

sin&lated fuel, with hook tion is counter-clockwise as 
slots Flops Altitude Center-of-gravity position viewed from rear.) 

25,000 ft 32.5 percent g, 

Model valuis con&ted to full scale U-inner wing up D-inner wing down 
,. I 

.‘>,. 1 .,: 
>.‘a,b c 

APP.APP. NO 
290 0.38 

SPIN 

..ab 

2.f 

F 298 

c 

NO Ailerons full with w 
(Stick left) (Stick right) 

SPIN 1 

arr., 

;& 

,g 
5’ 
-I. ,‘, 

%wo conditions poaaible. 
,. ". .LI 

%.’ bV~olently~osciM.atory-~~for ahort duration (about 10 turns) then model rolled 
inverted. 

cRodel.rolled Inverted for about two turns then back erect. 
dWode1 entered a wild gyrating motion. 
-eMode eitherentered a wild gyrating a&ion or rolled inverted. 
fRecoverg attempted by deflecting the rudder to full against the spin and 

almultaneously moving the ailerons to full with the spin. 
gIJpon recover7 model wmnt into a wild gyrating motion. 

: :  

- 

Turns for recovery 
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CHART 5 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 
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Airplane Attitude Direction Loading (see toblez) Angular momentum for full engine 
x-13 meet Right spin Normal weight, full speed-simulated. (hgine rota- 

simulated fuel. irith hook tion Is counter ~lockwisa as 
Slots Flops Altitude Center-of-gravity position viewed from rear.) 

25,000 ft. 32.5 percent F 

I;,: ,Model values converted to full scale U-inner wing up : D-inner wini down 

a 

1 NO SPIN 1 1 NO ,SPIN( 

%odel pitohed tip and went into wild gyrating motion. 

Turns for recovery 
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Figure l:- three-view'drawing of a l/18-scale model of the Ryan X-13 as 
tested in the Langley 20-foot free-spinning tunnel. Dimensions are 
model values. Center-of-gravity position shown is 29.5 percent meti 
aerodynamic'chokd; > 
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$,igure.2..--Photograph pf tkc Ryan X-13 airplane model as tested in the 

Langley 20-foot free-spinning tunnel. 
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CONCLUDING REPORT CF FREE-SPIkING, TUMBLING, 

ANI'RECOtiRYCHARACTERISTICS OF A 1/18-SCALE MODEL'OF 

‘. ' THE RYAN X-13 AIRPUNE 
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ABSTRACT 

---__ " -. 
,An'investigation~has been conducted in the Langley 20-footfree- " 

spinning tunnel on a l/18-scale model of the Ryan X-13 airplane to 
determine'its spin, recovery, and tumbling characteristics and also 
to determine the minimum altitude from which a belly landing could be 
made in case of.power failure in hovering flight. The gyroscopic 
moments of the simulated jet engine rotating parts had a large effect 
on the spinning characteristics. The model did not tumble in the ordi- 
nary sense (end-over-end pitching motion) but tended to enter a wild 
gyrating motion., The minimum altitude required for a belly landing 
was' indicated to be about 4,200 feet.. 


